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Ti«e: SMART TEMPERATURE SENSING DEVICE 

FIELD OF THE INVENTION 
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sensor and the substantially more expensive electrical conversion circuitry. This resulted 

in high cost and expense to the user. 

In addition to the above prior art limitations, prior art methods of calibrating a 
sensor consisted of using linear approximations to characterize a sensor over a 
temperature range. In this manner, typical linear conversion methodologies such as look- 
up tables were utilized, but the linear approximations provided poor accuracy since 
temperature sensors do not behave linearly over a broad range of temperatures. 
Therefore, even when a sensor was calibrated, its calibration consisted of inaccurate linear 
approximations. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, a temperature sensing device includes a sensor and 
a memory coupled together on a holder, wherein the memory contains a plurality of 
custom calibration coefficients which uniquely characterize the sensor. The smart sensing 
device may also have a remote processor coupled to the sensor. The remote processor is 
operable to access the plurality of calibration coefficients from the memory and an 
electrical signal from the sensor. Tlr remote processor calculates the temperature value 
at the sensor by utilizing the calibration coefficients in conjunction with the electrical 
signal. The sensor and the memory are resident together on the holder used in taking the 
thermal measurement; therefore the sensor and memory are local to the sensed 
environment while the processor is remote from the holder, yet remains in electrical 
communication with the sensor and the memory. The memory may also contain other 
pieces of custom data which is uniquely associated with the sensor such as time constant 
data, maintenance data, intended use data, regulatory data or cold junction compensation 
coefficients to further aid in accurately determining the temperature at the sensor and 
improve sensor reliability. 

In another aspect of the invention, a method of calibrating a thermal sensor 
includes measuring an output signal of the sensor over a temperature range, thereby 
obtaining a plurality of paired data points. The method also includes the step of utilizing 
the paired data points in a mathematical curve fitting algorithm to obtain coefficients to a 
polynomial that characterizes the performance of the sensor over the temperature range. 
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The calibration coefficients are then stored within a memory which is associated with the 



sensor. 



In ye, another aspect of the invention, a method of making thermal measurement, 
■ncludes a step of sendmg calibration data from a sensor to a processor, wherein the 
cahbrauon data represents calibration informal which uniquely characterizes the 
-nsor. TTte method also includes the steps of measuring a temperature a, the sensor 
communicating an electrical signa! from the sensor to the processor, and convening the 
electneal signal into a temperature reading via the processor by wiling lhe calibration 
data in a conversion algorithm. 

In a further aspect of the invention, a method of providing custom calibration 
sensors for measuring temperature includes the step of measuring a voltage or resistance 
value of a thermal sensor over a range of temperatures, and calculating a plurality of 
custom caiibration coefficients which uniquely characterize the sensor using the 
calibration coefficients. The method also includes the step of storing the custom 
calibration coefficients in the memory associated with the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings: 

Figure I is a block diagram illustrating a smart temperature sensing device 
eoupled to a field sign,, acquisition unit in accordance with ,he present invention- 

Ftgurc 2 ,s a schematic diagram illustrating the smart temperature sensing device 
coupled to the field signal acquisition unit; 

Figure 3 is a detailed block diagram of the sman temperature sensing device and 
the field signal acquisition unit; 

Figure 4 is a schematic diagram Ulustrating the smart temperature sensing device 
coupled to a computer; 

Figure 5 is a table illustrating a ptolity of paired temperature data points and 

calibration coefficients; 

Figure 6 is a schematic diagram illustrating the computer coupled to the memory 
or the smart temperature sensing device; 

Figure 7 is a graph exemplifying the error associated with linear approximations 
of the voltage-temperature relationship of sensors; 
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Figure 8 is a schematic diagram illustrating in greater detail the smart temperature 
sensing device, illustrating the memory and an RTD-type temperature sensor; and 

Figure 9 is a schematic diagram illustrating in greater detail a smart temperature 
sensing device according to another embodiment including a thermocouple-type 
temperature sensor and the memory. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention relates to a calibrated smart temperature sensing device 
having nonlinear calibration data which reflects a historical nonlinear behavior of a class 
of sensors over a temperature range. The nonlinear calibration data (or coefficients) are 
stored in a memory within a sensor unit which includes a sensor. When in use, the smart 
temperature sensing device is in electrical communication with a field signal acquisition 
unit (or conversion circuitry) which downloads the calibration coefficients from the 
memory of the smart temperature sensing device. The smart temperature sensing device 
transfers a signal to the field signal acquisition unit which is indicative of the temperature 
at the sensor which converts the signal into a temperature using the nonlinear calibration 
coefficients of the smart temperature sensing device. 

The smart temperature sensing device may alternatively contain custom 
calibration data which uniquely characterizes the sensor. Prior to use, the smart 
temperature sensing device is calibrated over a range of temperatures by measuring its 
output signal over a temperature range and calculating custom nonlinear calibration 
coefficients. The calculation of the custom nonlinear calibration coefficients may be 
accomplished using a least squares fitting algorithm. The calibration coefficients 
uniquely characterize the sensor and are stored in the memory within the sensor unit. The 
smart temperature sensing device provides high accuracy by using the custom calibration 
coefficients that uniquely characterize each sensor. Further, the custom calibration 
coefficients provide high accuracy because they are nonlinear coefficients that satisfy a 
polynomial which accurately characterizes the nonlinear behavior of the sensor over the 
temperature range. 

The smart temperature sensing device may also provide additional information to 
the field signal acquisition unit; such additional information includes: 
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a ..me constant for sensor speed of response, maintenance data based on the sensor tyoc 
■mended use environment data for sensor drift, regulatory information that may be 
speafic to a particular customer, and cold junction compensation coefficients for 
thermocouple-type sensor. 

Figure 1 is a block diagram Hiding a smart temperature sensing device , 0 
coup,ed,o, fi e,dsi grMlacouisilionuni , (FSAU)I2 ^ ^ 

*e FSAU ,2. Tnc FSAU 12 , in lurn , convens fc ^ ^ ^ ^ ^ 

dev,ce ■^"""vaineindica.iveof.he.empera.ureof.heenvironmen, 

Figure 2 is a schematic diagram illustrating in greater detail the smart temperature 
scstng devices coupled to the FSAU ,2. The smarttemperature sensing device ,0 in 
one embodiment, comprises a sensor unit 14 including a handle portion ISanda 
•emperaturesensor, .coupled together viaaspacerportion , 8 . The spacer portion,* 
*rves to provide a suitabie distance between the handle portion 1 5 and the .ensure 
*n S or ,6 under circumstances in which the thermal environment a. the temperature 
sensor portion ,6 is substantia,* ho, or cold to protect a„ y p,as,ic materials, electronics 

user s hand on the handle ponion 1 5 from suffering any discomfort. Alternatively the 
sman .temperature sensing device ,0 could o^rate without the spacer portion I , and' 
•hereby tncorporate me handle portion 1 5 and the temperature sensor ,6 together on or 
«*» -he same sensor unit 14. Inan alternative embodiment, the smart temperature 
-nstng device ,0 may further isoiate tbe sensor unit .4 from the temper sensor ,6 
by mcorporating each into separate housings or subunits, wherein bom remain separate 
from the FSAU 12. 

The smart temperature sensing device 10 is coupled to the FSAU 12 through a 
wre connector 20. The FSAU ,2 includes a display 22. control knobs 24, *,d conversion 

■gna, from the smart temperature sensing device 1 0 into a value representative^ the 
=mp= ra .ure a, the tempers sensor ,6. The FSAU ,2 displays the temperature on the 

he d t ^ M <WWCh ^ ^ - - » - * — « « 

d,sp,ay 22. convert the temperature disp,ay from degrees Farenheigh, to degr^s 
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Celsius or alternatively to degrees Kelvin, or provide other control functions. 
Alternatively, the FSAU 12 may include additional buttons or other control indicia to 
effectuate conversion functions. 

Figure 3 is a block diagram illustrating the internal circuity of both the smart 
temperature sensing device 10 and the FSAU 12. The smart temperature sensing device 
10 has a memory 25 and the temperature sensor 16 coupled to a noise suppression circuit 
26. The memory 25 and the noise suppression circuit 26 are connected to the FSAU 1 2 
through a P2 connector 27, which is a common parallel- type connector, which couples the 
smart temperature sensing device 10 and the FSAU 12 together. Alternatively, a different 
type of connector may also be utilized such as a bundled wire harness. The FSAU 12 
includes a processor 28 connected to a memory 30, an analog-to-digital converter 32, and 
the display 22. The memory 25 of the smart temperature sensing device 10 is coupled to 
the processor 28 via the P2 connector 27, and the noise suppression circuit 26 is coupled 
to the analog-to-digital converter 32 as well. Alternatively, the memory 25 may be 
located in either the handle portion 15, the spacer portion 18 or the connector 27 where, in 
each case, the memory 26 is separate from the FSAU 12. 

The smart temperature sensing device 10 works in conjunction with the FSAU 12 
in the following manner. The memory 25 of the smart temperature sensing device 10 
contains, in one embodiment, historical calibration data that characterizes the nonlinear 
behavior of a class of sensors over temperature. For example, if the temperature sensor 
16 is a thermocouple-type sensor, the nonlinear historical calibration data represents the 
average nonlinear behavior of many thermocouple-type sensors tnat have been calibrated 
in the past. In this manner, the historical calibration data represents the average nonlinear 
behavior for thermocouple-type sensors. Similarly, different nonlinear historical 
calibration data will be used for other type temperature sensors 16 such as an RTD-type 
temperature sensor. In another embodiment, the memory 25 of the smart temperature 
sensing device 10 contains custom calibration data which uniquely characterizes the 
nonlinear behavior of the temperature sensor 1 6. Calibration coefficients are determined 
and loaded into the memory 25; how this is accomplished will be discussed infra. Upon 
initially coupling the smart temperature sensing device 10 to the FSAU 12 (via the P2 
connector 27) the processor 28 immediately accesses the memory 25 to download the 
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12. The temperature ^ , 6> upon ^ p|ace(j , n to repect . ve 

=nv.ronme„t, senses the temperature md 011tpuK „ ^ ^ ^ .^.^ 

*. temperat,e. The ™,o 8 e,ec,rica, sigml , b . Drefcrrcd ^ 

•he no.se suppression circuit 26, which effectively fihers the ^ eterica , si8na| 
preferably through . band . pass ffl ,„ ^ ^ ^ 

he s,gna,. The noise suppression circui, 2o then passes the filtered electrical signa, to ,he 

analog-to- d,gilal converter 32 via the P2 connec-or 27 n,,, , • 

ne^connec.or27. The ana,og-to-digital convener 

2 converts me a„a,og filtered electrica. signa, into a digital signa, (or binary „ ord) for 
^processor 2 8 which convey using , h e custom caption coefficen.s now res.den, 
vth,„ the memory 30, the dtgital signa, into a temperature value which accurately 
represents the temperature of the environment a, the temperature sensor , 6 The 
processor 28 converts the e,ectrica, signa,, which is a voltage (EMF) or resists va,ue 
■nto a temperature through the following algorithm- 
Temperature - CO + C, -EMF + C2*EMF 2 + C3*EMF J + . . . + C8*EMF S , wherein CO 
C . • a represents the custom caHbration coefficen.s and EMF represents the vohage 
va, e (typ.cally ,„ mm , mlls) or resist value (in ohms, The processor 28 then 
displays that temperature value via the display 22. 

The memory 25 within the smart ,empc ra ,ure sensing device ,0 may a,so contain 
dd„,o„a, data to provide improved convex accuracy and system reliability For 
xampie. the memory 25 may store a time constant associated with the particular 

ZT;,:^? ^ ^ C ° — — *■ - " *» e 

— .6 to respond „ a change in lempeMure The 

7w p Z re a ' a number of differem ~ re ■ * <— « — 
coZTf accura,e - Second ' if ,he * 28 is - «* - 

°™ a ™ " - ,he ume ~— - - « — 

algonthm to more preotsely control the temperature. 

AddWMal ^»i">ta*= memory 25 may consist ofmaintena^edau regarding 
n—cescheduling for the temperature sensor ,6. For e*amp,e, if the 
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sensor 16 should be tested or checked every "X" days, the memory 25 may download "X" 
to the processor 28 which will begin incrementing a clock. When the clock reaches "X", 
the processor 28 will communicate to the user via the display 22 that the temperature 
sensor 28 requires maintenance. The data within the memory 25 may include data for 
temperature sensor type ("X" days for RTDs, "Y" days for thermocouples, etc.) or sensor 
use (replace or repair every "Z" measurement). 

In addition to the above options, the memory 25 may also contain intended use 
environment data. For example, temperature sensors 16 experience a known drift when 
measuring temperatures in a particular environment over time. The processor 28 may use 
this intended use environment data to approximately offset measured temperatures in that 
particular environment over time, thereby accurately taking into account drift within the 
particular temperature sensor 16. Because drift is a function of the particular 
environment, the temperature sensor 16 may be uniquely customized for a particular 
intended use environment. 

Regulatory data specific to a particular customer may also be stored within the 
-cmory 25. For example, ISO-9000 specification requirements, internal quali'^ control 
standards, or UL mandates may require that particular actions be taken at various times to 
monitor, replace or repair the temperature sensor 16. In a manner similar to the 
maintenance data, the processor 28 downloads this data and provides prompts to the user 
via the display 22 to ensure that the regulatory requirements are addressed. Such 
regulatory data may also include data on the date of the sensor's manufacture, its material 
lot, when and where it was tested, a serial number of other traceability information. 

Cold junction compensation coefficients for thermocouples may also be 
downloaded into the memory 25. As is well known for a thermocouple-type sensor, a 
separate sensor is placed at the cold end of the thermocouple junction and the sensor must 
convert its output into an equivalent thermocouple signal in millivolts to subsequently 
calculate the temperature at its "hot" end. Since each style thermocouple (type K.C.J or T, 
for example) has its own unique conversion parameters, a universal conversion algorithm 
results in inaccuracies. Since each temperature sensor 16 (when using a thermocouple- 
type sensor) will know the style thermocouple being used, the unique compensation 
coefficient may be placed within the memory 25 for subsequent use by the processor 28. 
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Wore, a p.ethora of da,a may be placed within «he memory 25 which is unioue ,„ 
each .emperature sensor ,6, .hereby providing improved conversion a „ d 

reliability. 

Figure 4 i„usna.es a calioradon sys K n, 34 having ,he smar, «empe,a.ure sensing 
*™ , 0 copied to a confer 36. The cahbration system 34 is preferably uti,^ prior 

saie of fl» smart (emperarure sensing device ,0 soeh ,ha, purchase of ,he smar, 
.ernperaure seeing device , 0 wi,, inCude to custom cation da. aiready residen, 
wnh to memory 25. The ca.ibra.ion sysrem opera,es bypiacing thesensor uni, ,4i„a 
-a environmen, having a .no™ ttmp era, U re. The sensor uni, ,4 outputs an ana.og 
ja, * to con.pn.er 36 »mu,,ane„us,y wim a recording of to known ttln pera,ure bv 
-he con.pu.er 36. The .herma, environmen, ,empera.ure is know. „ to corner 36 via 
a up* from a s.a„dard sensing device with verified ca.ibra.ion provided fiom a 

-ah such as N.ST. The cahbranon sys.em 34 ton increment to .empera.ure of 
•herma, env.ronmen, ,o a second know, .emperature and repeal ,he .herma, 
measurement wi.h .he smar. .emperature sensing device ,0. The cahbration sys,em 34 
repeat to steps U n,i, a ,u„,c.e„, number of data poi, s have been ^ whereb) . ,„ e 
ornpu,er36to„hasa„umbero f sig„a, 

en,~ (paired da.a points,. The compter 36 uses an aigorito, ,o ca,cu,a tt a 
y "J «„bra.ion coefncien.s for a p„,y n „mia, which represent a curve wh.ch 
ma.ches to paired data points. 

Figure 5 is a ub,e which represent to paired da,a points gatored from to 
^hratron sys.em 34 of Figure 4. Figure 5 has a ca.ibra.ion .emperature alxlma 38 
^^^^^^^^^^ 
*e .emperature of to environment to, .emperature is recorded in .he cahoraUon 
•ernpeure coin™ 3, A sensor o«pu, eoiumn 40 lists a.. ,he ™,og vo.tage signa, 

; OT " 0 " «* """» * *> «* — -H. has . p,ura,i,vf paired 

:tr S ' nmel ^-"---— co,um„3 8 a„dtosenso: oujcoul 
40, wherem an o„.p„, vo.age sig „a, or rraisIance va|ue „ 

respecl.ve calibration temperature The laei k i P "«"«eacn 

column 42- to cn , ' 7 m ° '" ^ 5 U * """""^ 

42, to compter 36 of to ca.ibra.ion sys.em 34 ,akes ,he va,„es for to paired 
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data points of calibration temperature column 38 and the sensor output column 40 and 
uses these paired data points to calculate the calibration coefficients. The computer 36 
utilizes the plurality of paired data points, in a preferred embodiment, in a least squares 
fitting algorithm to find a polynomial of minimal degree of the form: 

Temperature = CO + CI * EMF + C2* EMF 2 + C3*EMF 3 + ... + C8*EMF 8 , 
wherein CO,Cl, etc. are the calibration coefficients. The least squares fitting may also be 
artificially weighted so that the temperature at EMF = OV is about 0°C for thermocouple- 
type sensors. When higher order coefficients are equal to zero, it indicates that an 
acceptable curve fit was obtained with a polynomial of an order less than eight. The 
computer 36 downloads the calculated custom calibration coefficients into the memory 25 
of the smart temperature sensing device 10 which is illustrated in conjunction with Figure 
6. 

Figure 6 is a block diagram illustrating the computer 36 connected to the memory 
25 of the smart temperature sensing device 10. A memory address portion 43 is located 
within the memory 25 and represents predetermined, fixed addresses (A0-A8) at which 
the custom calibration coefficients reside within the memory 25. The processor 28 of the 
FSAU 12, when desiring to access the custom calibration coefficients of the memory 25, 
therefore knows where to look to find the custom calibration coefficients and other 
information unique to the particular temperature sensor 16. 

The use of custom, nonlinear calibration coefficients substantially improves the 
conversion accuracy over prior art linear methodologies. The improvement in conversion 
accuracy is illustrated in Figure 7, which is a graph illustrating a thermocouple-type 
sensor as an example, having temperature (T) on the X-axis and the signal voltage (V) on 
the Y-axis. On the graph is a plurality of paired data points 44 (t„v,), (t 2 ,v 2 ), etc. collected 
in the manner described above in conjunction with Figures 4 and 5. In prior art linear 
approximations, a straight line approximation 45 is made using the paired data points. 
Then, when a voltage signal is received (V 0 ) the corresponding temperature (T L ) on the 
straight line 45 is determined. As can be seen by the plurality of data points on this graph, 
however, the temperature sensor 16 does not behave in a perfectly linear manner over its 
temperature range, but rather behaves nonlinearly. In this particular example utilizing the 
nonlinear coefficients, the voltage signal (V 0 ) corresponds to a temperature T 0 which is 
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lower than T, The nonlinear coefficients for the polynomial that characterize the 
nonlinear voltage-temperature relationship 46 eliminate the error (AT) associated with 
prior art linear approximations. 

Figure 8 is a schematic diagram showing i„ detail the sman temperature sensing 
dev.ce 10 ofFieure 3, namely a resistance temperature device (RTD) 47 coupled ,o an 
EEPROM 48. The RTD 4, „d the EEPROM 48 represent a detaUed representation of 
■he temperature S ens„ r 16 coupIed K fc ^ 25 ^ ^ ^ ^ | ^ 

al.ernattvely a separate subunit) of the smart temperature sensing device .0 of Figures 2 
- 3. The EEPROM 48 operates in conjunction w,th the RTD 47 in the Mowing 
manner. After the computer 36 has gathered the paired data points and calculated the 
caltbratton coefficients associated with the particular probe, which in this case is the RTD 
47, and the user wishes to enable the calibration, the user places a jumper between the 
par , c nable pin and the power supply which is coupled to the voltage supply pi n of the 
EEPROM 48. The chip select p,„ „ driven high (by the computer 36) and the calibration 
coefficen, data is incrementally read in (or clocked) through the DO and Dl pins When 
all the cahbration coefficen, data has been read into the EEPROM 48 the user 
disconnects the jumper between the pan enable p,„ up and the power supply and 
subsequently places the jumper between the pan enable pin and the ground pin which 
tables the downloading of calibrate coefficients into the memory 25 

Upon power-up, the processor 28 reads and downloads the cahbration coefficients 
restden. within the EEPROM 48 into , he memory 30 associated with the FSAU ,2 The 
Pressor 28 puils the chip seiect pin ,„„ which enables data to be read from the memory 
25. The cahbration coefficient data is Cocked ou, of the DO and Dl pins and stored in the 
memory 30 for use by the processor 28. ,n this mamte, the EEPROM 48 communicates 

l e eZ7 T ion ma *°* 10 ,he 28 for « " ~* — « 

-etved from the temperature sensor ,6. The RTD 47, in this panJcular embodiment 
senses the temperature by generating the analog signal and communicates tha, either ' 
.rectly to the anaiog-to-digita, convener 32 or alternatively may send tna, ,„ the analog- 

.o-dtsttai convener 32 via the noise suppression circuit 26, as iUustrated in Figure 3 
F.gure 9 ,s a schematic diagram illustrating the EEPROM 48 operating i„ 

conjunction with a thermocouple sensor 52. The EEPROM 48 operates in a state . 
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fashion as described in conjunction with Figure 7 and operates to enable calibration by 
clocking in the calibration coefficients from the processor 28. Subsequently the 
calibration coefficients data resident within the EEPROM 48 can be readout to the 
memory 30 by the processor 28 for use in accurately calculating the temperature. 

Although several embodiments of the invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of the 
invention as defined in the accompanying claims. 
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CLAIMS 

1 A casing device (10), comprising: 



^^zzziz^'^^ 

^JZZ?^^ m "^'-^*«>*«* 



3 - The temperature sensing device (10) of claim, u ■ 

"«^ta<ia.a comprises a ptar ,, f"'"" 0 '^'^™ wherein , he 

«»».=«„ (20) for coupli „ g , d ™ 1 • comprising a 

wherein the processor (23, s ZZ " * ^ ™ 

™or>. (25, and TOei e l d r b ' ,0 ~" ^ - from the 

(16). represents the temperature at the sensor 

6 - The sensing device (10) of claim s r,.r,u 

»ic sensor (16) and the processnr O/^ . u • 
suppression circuit (26) elimin,, • Pressor (26), wherein the noise 

P—~ (2 S) , Md w ^ • si e „ al , 0 te 

-o, „6, ^ iS of U,e temper al 

*~e a, the ^ ^ d,SP ' a> " n8 — — which represents the 
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9. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 
resistance temperature device (47). 

10. The sensing device ( 1 0) of claim 1 , wherein the sensor ( 1 6) comprises a 
thermocouple device (52). 

11. The sensing device (10) of claim 1 , wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

12. A smart temperature sensor system (10), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16); and 

a processor (28) remote from the sensor unit (1 4) in electrical communication with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (1 0) of claim 12, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

1 4. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

16. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20). 

17. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through an RF 
connection. 

18. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
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Processor (28) communicates with the sensor ( 1 6) and the memory (25) through an IR 



connection 
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The smart temperature sensor system (10) of claim 12, further comprisin<. 
a no,se suppression circuit (26) coupled between the sensor ( 1 6) and the processor (28) ^ 
wherem the noise suppression circuit (26) eliminates noise, thereby providmg a f„tered 
signal to the processor (28) which is indicative of the temperature at the sensor (.6) 
20. The smart thermal sensor system (10) of claim 12, further comprising an 
analog-to-digital converter (32) coupled between the sensor (, 6) and the processor (28) 
wherein the ana.og-to-digita, converter (32) is operable to convert the electrical signa, ' 
from the sensor (, 6) in , 0 a digital signa, to be subsequently received by the processor 



(28). 

21. 



The sm artthenna, se nsingsy S tem(10)ofd ai m 12. further comprising a 
display (22) coup.ed to the processor (28) for displaying a temperature value which * 
represents the temperature at the sensor (16). 

22- A method of calibrating a temperature sensor (16), comprising the steps of 
mucurmg an output value of the temperature sensor (16) over a range of 
temperatures, thereby obtaining a plurality of paired data points (38,40)- and 

"flying the plurality of paired data pomts (38,40) in a mathematical curve fi« ing 
technic to obtain coefficients (42) to a polynomia, that character,, the performance of 
the sensor (16) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficients (42) within a memory (25) associated with the sensor (16). 

24. The method of claim 22, wherein the step of measuring the output value 
compnscs measuring a voltage signal (40). 

25 The method of c.aim 22, wherein the step of measuring the output value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voltage at a first known temperature in the temperature range- 
^ mcrementing the temperature to a second known temperature in the temper 

measuring the voltage at the second known temperature; and 
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repeating the steps of incrementing the temperature and measuring the voltage at 
that temperature until the temperature range is traversed, thereby creating the plurality of 
paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI *EMF + C2*EMF 2 + C3*EMF 3 + . . . + C8*EMF 8 , and wherein CO, CI, . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least squares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 

temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors ( 1 6) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 

calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor (16) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 
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32. 



A smart thermal sensing device (10). comprising: 



a sensor (1 6) on a sensor unit (14), wherein the sensor (,6) is operable to sense a 
temperature; and 

a mcm „„ (25) on (he Msor „„,, (M) where . n ^ ^ ran a ns 
— dm u„, quely , he S5 „ sor ( , 6) ^ whercin ^ cuswm ^ 

comprises at least one of: 

one or more nonlinear calibrarion coefficients (42). a ,ime consmm 
ma,n tt „ a „ce da,a, ,„,e„ d e d ^ environmcM ^ ^ ^ ^ 

compensation coefficients. 
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8. The sensing device (10) of claim 5, further comprising a display (22) 
coupled to the processor (28) for displaying the temperature value which represents the 
temperature at the sensor (16). 

9. The sensing device (1 0) of claim 1 , wherein the sensor (16) comprises a 
resistance temperature device (47). 

1 0. The sensing device ( 1 0) of claim 1 , wherein the sensor (1 6) comprises a 
thermocouple device (52). 

1 1. The serving device (10) of claim 1, wherein the memory (25) comprises an 
electrically erasable programmable read-only memory (48). 

1 2. A smart temperature sensor system ( 1 0), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16) and wherein the nonlinear 
calibration data is independent of conversion circuitry for utilizing the nonlinear 
calibration data in generating an output indicative of the temperature; and 

a processor (28) remote from the sensor unit (14) in electrical communicatic':: with 
the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (16), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

13. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

14. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 
(16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

16. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through a wired 
connection (20). 
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AMENDED CLAIMS 
[received by the International Bureau on 20 March 1998 (20 03 9RV 
ongmai claims . and 12 amended; remaining claims unchigfd ^ pages)] 

1 • A temperature sensing device ( 1 0), comprising: 

a sensor unit (14) including a sensor (16) operable to sense a temperature- and 

a memory (25) integral to the sensor unit (14), wherein the memory (25) contains 

nonl.near calibration data which characterize the sensor (1 6) and wherein the nonlinear 

cahbration data is independent of conversion circuitry for utilizing the nonlinear 

cal.brat.on data in generating an output indicative of the temperature. 

2. The temperature sensing device (10) of claim 1, wherein the nonlinear 
cahbrat.on data comprises historical data that reflects nonlinear behavior of a particular 
class of sensors. 

3. Tnetempe ra turesensi„gdevice(10)ofclaim 1, wherein .he nonlinear 
cal,bra.,o„ da* comprises custom data which uniquely charaoeritts the sensor (16). 

4. The temperature sensing device (10) of claim I, wherein the nonlinear 
cahbrauon data comprises a plurality of nonlinear calibration coefficients (42). 

5. Thetemperaturesensi„gde»ice(IO)ofclaim I , further comprising a 
connector (20) for coupiing a processor (28) to the sens-r (1 6) and the memory (25) 
-herein the processor (28) is operable to access the nonlinear calibration data from the 
memory (25) and receive an electricai signal from the sensor (1 6) which is indicative of 
*= temperature at the sensor (16), and .o conven Ute electnca, signal using the noniinear 
cahbrat.on data into a temperature value which represents the temperature a, the sensor 
(16). 

6. The sensing device (10, of Cairn 5, further comprising a noise suppression 
ecu,. (26) coupled between the sensor (16) and the processor (26), wherein the noise 
suppression circuit (26) eliminates noise, thereby providing a filtered signal ,„ the 
processor (28), and wherein „e filtered signal is indicative of the temperature a, the 

sensor (16). 

7- The sensing device (10) of daim 5, further comprising an analog-to-digital 
converter (32) coupled between the sensor (16) and the processor (28), wherein the 
analog-to-digital converter (32) is operable to convert the electrical signa l from the sensor 
(16) into a digital signal to be utilized by the processor (28). 
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J 7. The smart temperature sensor system (10) of claim 12, wherein the 
Processor (28) communicates with the sensor (, 6) and the memory (25) through an RF 
connection. - 

18. The smart temperature sensor svstem (]0) of c , aim R ^ 
11™' COmmUniCa ' eS ^ MnS ° r <,6> ^ ""» " <*> *~* - « 



-■se «o„ circuit (26) coupJed bMwen ^ ^ ^ P 

signa, «o the p^or (28) which „ tadicatlvc of th£ lempOTiure a fc ^ ( 

20. • r *=^*«™a 1 s=n S or Sy s Km (,0,ofc 1 aiml 2 , f u rt he r co„, prisi „ 8an 
^o e -,-d lgita , converter (32) ^ telween fte _ ^ 

-ta- the a.log-to-digita, converter (32) , ^ to ^ ^ 
*» ^ sensor (1 6) „ l0 . digilal sigMl tQ be subsequeM|y ^ ^ ^ 

21. Thesmartthermal sensing sys.™ (!0) of claim 12 , ftakereo^. a 
display (22) coupled to the processor ran fnr h- , • °nv.isinga 

processor (28) for displaying a temperature value which 
represents the temperature at the sensor (16). 

22. a method of canning a temperature sensor (16), comprising the steps of 
measurmganou, P».valueof m et.mperatu„(,6>overara„ge„f 

•entperat^es, thereby obtaining aptaHty of pa ire d datapoints (38,40)- a,d 
uulizing the polity of paired da ,a points (38 , 40) in . 

the sensor (16) over the temperature range. 

23. The method of claim 22 further comprising the step of storing the 
coefficents (42) within a memory (25) associated with the sensor (16) 

comprise!' ^ ^ ^ ^ ^ ° f ~* "» «*- 

compnses measuring a voltage signal (40). 

mesensor(,6,r en,e,h0d0fC,aim22 ' Wherein,heS,ePOf — * "—'P-. value of 
the sensor (16) over a range of temperatures comprises: 

measuring a voteage a. a firs, know, temper in the temperas range; 
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incrementing the temperature to a second known temperature in the temperature 

range; 

measuring the voltage at the second known temperature; and 

repeating the steps of incrementing the temperature and measuring the voltage at 

that temperature until the temperature range is traversed, thereby creating the plurality of 

paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI *EMF + C2*EMF> + C3*EMF» + . . . + C8*EMF<, and wherein CO, CI, . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least ^- es fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 
temperature to an electrical signal; 

communicating the electrical signal from the sensor (1 6) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 
one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors (16) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 
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***** a pluraU.y of cus ,„„, n0 „, inear ca|ibra , jon 
■J* a^ed fc scmot (16) using , h£ p|ura|ky of ^ poims ^ 

coring te CU s t o„, „o„ lin ea r ca litali „ n coefficiems ( „ , 
associated with the sensor (16). 

32. A smart thermal sensing device ( 1 0), comprising- 

*. u„, qu e, y associa^ „„„ ,„e se „ sor ( 16 , and whcrei „ ^ 
comprises at least one of: 

oneorn-orenoniinearca «bra ti o„ coeffioiems (42), a time M „ ste „, 
_ce data, intended K e„v_ data , rcgu|a , ory or 

compensation coefficients. 
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